The current study sought to evaluate the effectiveness of an Australian centre-based early intervention program for children with autism. Outcomes for 10 children with autistic disorder aged between 32 and 65 months of age participating in the AEIOU early intervention program were investigated. Measures of educational, cognitive, and adaptive skills as well as autism symptoms were administered. Significant gains in educational skills in the areas of cognitive verbal/preverbal, fine motor and visual-motor imitation, motor domain score, and social reciprocity, were obtained as were decreases in autism symptoms. Limited evidence of gains was obtained for measures of cognitive or adaptive behaviour skills. This study provides promising preliminary evidence in support of the AEIOU program in terms of symptom reduction and increases in educational skills. Limitations and future research directions are discussed.
INTRODUCTION
Autism Spectrum Disorders (ASD) including Autistic Disorder, Asperger Disorder, and Pervasive Developmental Disorder -Not Otherwise Specified [1] are characterised by qualitative impairments in communication, social relations, and repetitive and restricted behaviours and interests [2] . These disorders affect approximately one percent of children [3] [4] [5] [6] . ASD can be reliably identified and diagnosed in very young children between the ages of 2 to 4 years [7] [8] [9] . The characteristic triad of impairments, together with difficulties in emotional processing, sensory-perceptual processing, and motor proficiency [10] , adversely affect developmental trajectories and family functioning in the early years. Impact routinely continues across the lifespan influencing independence, academic success, and participation in school, work, and community life [11] . In addition, adolescents and adults with ASD are at high risk of psychiatric comorbidity with an associated need for ongoing support [12, 13] .
Early intervention has been proposed as an effective means for reducing future disability in children with ASD [14] . Australian Best Practice guidelines for early intervention [14] suggest that intervention should commence as early as possible following diagnosis (ideally between 2-4 years), use multidisciplinary assessment, be individualised and multidisciplinary, and have an autism-specific focus for at least 20 hours per week. Interventions should be delivered across settings (e.g. centre-based, home-based) with a high degree of structure and low staff to child ratio (maximum of 2-4 children per adult), and employ a functional approach to challenging behaviours. These interventions should emphasise family collaboration and include transition support out of the program [14] .
*Address correspondence to these authors at the AEIOU Foundation, N77 Recreation Road, NATHAN, QLD 4111, Australia; Tel: +617 3320 7924; Fax: +617 3277 2422; E-mails: jessica.paynter@aeiou.org.au, Jessica.paynter@me.com At this point in time, intervention services vary substantially in theoretical orientation, intervention focus and intensity, context for delivery, degree of family involvement, and efficacy evidence [15] . There is a need for ongoing research into early intervention programs [16] . Although there has been substantial research into Early Intensive Behavioural Interventions (EIBI), research into other models of intervention has been rare. For example, despite "best practice" guidelines, as described above, recommending the use of educationally-based interventions, the efficacy of these types of interventions has typically only been investigated in the context of control conditions in EIBI trials where they have received little attention in their own right. Clearly there is a need to specifically evaluate their merit. As such, educationally-based autism-specific early intervention programs will be reviewed as context to the present study.
Educationally-based autism-specific early intervention programs have often been described as "eclectic" [17] or "generic" [18] . This is because these programs typically do not subscribe to a single program, philosophy, or theoretical approach, but instead aim to be comprehensive and offer a range of teaching strategies such as Picture Exchange Communication Systems [19] , activities drawn from the Treatment and Education of Autistic and Related Communication Handicapped Children (TEACCH) [20] , and positive behaviour support [21] . Examples of programs which have received attention are special nursery placement [22, 23] , autism-specific nursery [24] , eclectic autismspecific preschools [25] , eclectic-developmental autismspecific preschools [26] , and autism-specific primary schools or units for children under six years [27] . These programs share in common an autism-specific focus, structuring their teaching in nursery, preschool, or kindergarten classrooms, and incorporate elements of educational programs such as circle time, individual education plans, and a positive approach to challenging behaviour. These programs tend to be delivered by multidisciplinary teams in which teachers coordinate classroom activities and intervention is actively supported by speech pathologists, psychologists, and/or occupational therapists.
Key outcomes investigated across studies have included educational and cognitive skills, as well as adaptive behaviour, and autism symptomotology (see Table 1 ). This body of research has found some evidence of gains over time for children in terms of educational and cognitive skills, adaptive behaviour, and autism symptoms. These data suggest that intervention of this kind may lead to improvements in these areas. However, there is clearly a need for further research into specific programs.
The present research focuses on the AEIOU program. AEIOU is a not-for-profit organisation in Queensland, Australia that provides intensive early intervention to children from age 2 to 6 years who have been diagnosed with an Autism Spectrum Disorder (ASD). To date, there has not been an empirical investigation into the effectiveness of the AEIOU program although data have been collected on individual children as an integral part of their intervention.
The AEIOU program is based on Australian Best Practice Guidelines for early intervention for children with autism spectrum disorders developed by Roberts and Prior [28] . A blend of evidence-based strategies drawn from established treatments and interventions are used. Strategies include the antecedent package, behavioural package, behavioural treatment, joint attention intervention, modelling, naturalistic teaching strategies, pivotal response treatment, schedules, self-management, and story-based Reed et al. [23] • Significant improvement for "special nursery placement" on gross motor, cognitive and verbal subscales • Significant improvement for "Autism-specific special nursery" on the overall PEP-R score BAS-II Reed et al. [22] • Significant improvement for "special nursery placement" on picture matching, naming, and early number skills subscales Cognitive Skills
• Significant raw scores gains across all four domains for an "eclectic-developmental" autism-specific preschool program on • Gains were significant in standard scores on receptive language only VABS-Screener Charman et al. [27] • Significant changes over time on the VABS Screener on domain age-equivalent scores but no significant difference in the overall adaptive behaviour composite score.
VABS Reed et al. [23]
• Children attending an "Autism-specific special nursery" school significantly improved on composite score
Magiati et al. [24] • Significant increases in mean age-equivalent scores on the VABS for "Autism-specific special nursery" group Adaptive Behaviour
Zachor & Ben Itzchak [25] • Significant gains in each of the four raw domain scores of adaptive behaviour • Significant communication and socialisation adaptive behaviour subscale standard scores • Significant decrease of motor skills standard scores ADOS Zachor et al. [26] • Significant gains on the social interaction domain score for the "eclecticdevelopmental" intervention group Autism Symptoms SCQ Charman et al. [27] • No significant changes over time for the measure of autism symptoms on the Social Communication Questionnaire play skills, managing challenging behaviour, transitions, and communication strategies. Parents are also able to access home-visits by members of the team to assist with generalisation of strategies to the home. Parent involvement is a critical part of the program, particularly in relation to goal setting and review, the development of positive behaviour supports, and the transition process.
The present study is based on standardised assessments (described below) and aims to investigate the effectiveness of this intensive early intervention program through evaluating changes in children's intellectual, educational, and adaptive functioning, together with level of autistic symptoms. Based on previous research into educationallybased interventions, we hypothesised that improvements would be seen in children's intellectual, educational, and adaptive functioning as well as their level of autistic symptoms following a year of intervention. These hypotheses were examined through evaluating changes in assessment scores collected for the first cohort of children exiting the program by July 2011.
MATERIALS AND METHODS

Institutional Consent
Ethics approval was granted by Griffith University and gatekeeper approval was given by the AEIOU Foundation. Signed informed consent was obtained from parents of participating children.
Participants
This study is focused on children who entered the AEOIU program in February 2010 and completed their placement by July 2011. Eligibility for program entry is based on a DSM-IV diagnosis [30] of an autism spectrum disorder (ASD) by a medical practitioner (paediatrician, child psychiatrist, or neurologist) combined with a chronological age at intake between 30 and 71 months. In addition, all children included in this study had an SCQ [31] score greater than 11 as recommended by Lee et al., [32] , M = 17.10, SD = 3.21, Range 13-23. From a possible 13 children, 10 of their parents (77%) signed consent for the data collected while in the program to be used for this evaluation. All ten children had been diagnosed as having autistic disorder. The participants (9 males, 1 female) attended the AEIOU program for a mean duration of 11.89 months, SD = 2.83 (8.77-16.36) . Mean age at program entry was 53.93 months (SD = 11.43, range 32.43 to 65.97 months) and mean age at program exit was 68.22 months (SD = 9.12). Over the course of the program, the majority of children (9/10) attended on a full-time basis (minimum 25 hours per week) with one child attending on a part-time basis (five day fortnight, average of 13 hours per week). During each child's final term (approximately 12 weeks in duration), attendance was gradually reduced because children spent increasing time at their next educational setting. The majority of parents were married (6/10), with a subset divorced (2/10), single (1/10), or widowed (1/10). The majority of parents were English speaking Caucasian (7/10); however a subset came from a culturally and linguistically diverse background (3/10).
Measures and Procedure
Standardised assessments of educational (PEP-3) and cognitive skills (MSEL) were conducted by the lead author who has extensive experience in assessing children with ASD and is not involved in the daily AEIOU program. Time 1 child assessments were completed within 4 months of each child commencing the program. The PEP-3 was completed within the first 4 weeks (M = 13.30 days, SD = 9.11), and the MSEL was added later (at 3 months; MSEL, M = 102.30 days, SD = 17.46). The late addition of the MSEL was due to changes in assessment requirements linked to the centre's funding. Time 2 follow-up assessments were conducted after 12 months or on exit (whichever came first) for both measures, which resulted in a shorter follow-up period for the MSEL (M = 222.00 days, SD = 51.75) than the PEP-3 (M = 297.30 days, SD = 59.25).
Educational skills. The PEP-3 [33] is a standardised assessment of communication, motor skills and behaviours specifically designed for children with ASD who have a development age between 6 months and 7 years. The 10 performance subtests were administered to children in the present study. [34] is an individually administered assessment of language, motor and perceptual abilities of children from birth to 68 months. It can be used with older children as in the present study where mental age is lower than chronological age. This measure was used to assess a range of skills in children with autism in previous research [25, [35] [36] [37] . Age-equivalent scores were used in the analyses as some children's chronological age exceeded 68 months at post (Time 2) assessment; additionally many children did not reach the basal for standard scores.
Cognitive skills. The Mullen Scales of Early Learning
Questionnaire assessment was used to assess the level of ASD symptoms children displayed as well as to measure their adaptive behaviours. The Social Communication Questionnaire (SCQ [31] ; previously titled the Autism Screening Questionnaire [38] ) was completed at intake and at exit or 12-months, while the Vineland Adaptive Behaviour Scales-II (VABS-II [39] ) was completed at Time 1 after approximately 3 months by parents and teachers (VABS-P, M = 108.00 days, SD = 11.23; VABS-T, M = 103.80 days, SD = 16.46, respectively) due to changes in assessment requirements linked to the centre's funding.
Autism symptoms. The SCQ is a short 40-item questionnaire derived from the Autism Diagnostic InterviewRevised [40] . On this questionnaire, parents indicate whether a child displays characteristic autistic behaviours. Verbal/language items can be omitted for children who are non-verbal. A total score from 0-32 or 39 (depending on a child's language level) is calculated; higher scores indicate greater severity of symptoms and greater likelihood of an autism diagnosis. Clinical cut-offs have been developed to identify children with probable autism (cut-off = 22) or all ASD (cut-off = 15) [38] . More recent research suggests a lower cut-off of 11 [32] .
Adaptive skills. The VABS-II [39] parent-caregiver form and teacher report forms were completed by parents and teachers of children at AEIOU, respectively. Both of these measures assess adaptive behaviour in four domains: communication, daily living skills, socialisation, and motor skills. Items are rated as 2 = usually, 1 = sometimes or partially, 0 = never. Raw scores were converted into age-equivalents and standard scores using tables in the manual. Age-equivalent scores were used as the main unit of analysis in the present study as recommended by previous research for measuring the developmental level of young or lowfunctioning children with ASD [41] . The VABS-II is acknowledged as a valid measure for the assessment of children with ASD and is the most widely used assessment tool to measure adaptive skills in this population [42] .
RESULTS
Child Outcomes
Educational skills. Table 2 presents standard scores on the PEP-3. Standard scores increased from Time 1 to Time 2 on each of the domains and on most subdomains (with characteristic verbal behaviours similar over time) indicating improvements in skills over time. Significant improvements over time were detected on both the maladaptive behaviour and motor skills domains with medium to large effects respectively. Improvements on the communication domain approached significance (p = .07) with a medium effect. Significant improvements over time were detected in cognitive verbal/preverbal, fine motor, visual-motor imitation, and social reciprocity subdomains with a large (r > .60) effect.
Cognitive ability. Table 3 presents age-equivalent domain scores on the MSEL. A pattern of improvements over time was observed and there was a medium to large effect. Age-equivalents were used as the main unit of analysis as the majority of children (> 50%) did not reach the basal t-score on each scale. The difference between Time 1 and 2 scores was significant for the receptive language scale only. However, it should be noted that ceiling effects were obtained on this measure, particularly on the visual reception scale where some children achieved a near-perfect score.
Autism symptoms. The average SCQ total score moved from the clinical range (M = 16.63, SD = 2.72) to the subclinical range at follow-up (M = 9.63, SD = 4.24), which was a significant reduction in ASD symptoms with time, t (7) = 4.17, p = .004, r = .84.
Adaptive behaviour: Parent ratings. Table 4 presents standard scores showing improvement over time with a medium effect for communication, daily living skills, and socialisation domains. Yet, these changes were not significant. Standard scores for motor skills decreased, although this change over time was not significant. Significant gains in age-equivalent scores were observed in expressive and written communication subdomains as well as fine motor skills with large effects.
Teacher ratings. Consistent with parent ratings, standard scores on teacher ratings improved over time in communication, daily living, and socialisation domains although none of these changes in scores over time reached traditional significance (see Table 5 ). Communication showed a medium effect. Motor skills also improved with time and showed a medium effect. In terms of age-equivalent subdomain scores, significant improvements were observed in written and academic areas with a large effect. Interpersonal relationship skills also trended (p = .06) towards significance, with a medium to large effect. All other areas showed non-significant changes over time.
DISCUSSION
Outcome data from this pilot study adds to the growing body of research into early intervention for children with autism conducted in early childhood education and care environments. It also provides preliminary support for the AEOIU program. Promising results were obtained in the educational measure and measures of autism symptoms and point to positive outcomes for children who attend this service. Limited evidence of gains (age-equivalent gains only) was obtained for the cognitive and adaptive behaviour measures. In terms of educational skills, gains were seen in standard scores on the PEP-3 in cognitive/verbal communication, fine and visual-imitation motor skills, motor skills domain score, and social reciprocity. Data indicate that children made gains greater than would be expected by maturation in these areas. These findings are consistent with previous investigations into early learning undertaken by Reed et al. [22, 23] who also found significant gains on the previous edition of the PEP.
In terms of autism symptoms, significant improvements were detected from Time 1 to Time 2 testing on the total score on the SCQ with the average score moving from the clinical range to the non-clinical range. Consistent with this was children's improvements in social reciprocity skills found in the PEP-3. Thus, improvements in ASD symptoms were observed both by parents rated on the SCQ and in the 1:1 assessment. This finding is consistent with those reported by Zachor et al. [26] who found reductions in ASD symptoms on the ADOS social interaction scale for children attending an "eclectic" autism-specific preschool. However, this finding is in contrast to some other evaluations of educationally-based interventions that failed to find improvement in symptoms [22, 23, 27] .
In terms of cognitive skills, it was not possible to compare standard scores on the MSEL as some children were beyond the age range of standard scores and, for those in the age range for standard scores, many did not reach the basal level. Age-equivalents were compared with significant gains found in only the receptive language scale. This finding is in line with previous research by Zachor [25] and Ben Itzchak, Lahat, Burgin and Zachor [43] who also found gains only in the receptive language scale when investigating outcomes of an autism-specific preschool which used an "eclectic" model. In common with these researchers, we also argue that the AEIOU teaching curriculum does focus on language themes and practice in related areas (e.g., imitation) which encourage language development.
In terms of adaptive behaviour, significant changes in age-equivalent scores were found in both parents' and teachers' ratings of written communication. In addition, parent ratings indicated significant improvements in expressive communication and fine motor skills. Teacher ratings indicated significant improvements in academic skills which were not rated by parents on this measure. Standard scores for domains did not change significantly over the study period. This finding is in line with previous research by Magiati et al. [24] who also found changes only in ageequivalent scores and minimal changes in standard scores on the VABS for children attending an autism-specific eclectic preschool. Lack of developmental progress on standard scores may be due to children in the present study demonstrating more severe impairments at intake than those in similar studies. Consistent with this suggestion, Itzchak and Zachor [44] found that significant progress in adaptive skills was found only for their "mild autism severity group."
A key limitation in this study was the lack of a control or comparison group. However, outcomes in the present study were comparable to those in similar outcome studies in early education and care. In addition, gains on the PEP-3 were made in standard scores compared to a normative sample of children with ASD, which indicates that changes are unlikely to be due to maturation. Thus, although examination of the AEIOU program in comparison to a matched control or comparison group is clearly needed before stronger conclusions can be made, our results remain promising. Future research will compare outcomes of the AEIOU program to other comparable Australian programs that are concurrently collecting data on a similar set of measures at similar intervals.
This pilot study was also limited by a small sample size. Given that medium to large effects were found across many domains, it is likely that power limited our ability to detect significant effects across some areas (e.g., adaptive behaviour). Future research will use larger sample sizes as data are currently being collected on 50 students at Queensland AEIOU programs.
It may be considered a limitation of the present study that, unlike many research programs, that we did not apply exclusion criteria based on IQ, ability, or comorbidity, and children were not randomly assigned to the program, but parents self-selected. In contrast to much of the previous research (for example [45] only included children with IQ scores greater than 50), no child in the present study was excluded based on comorbid diagnosis or low cognitive ability. In addition, our children were referred from a large and diverse socioeconomic group. Any of these factors may have led to a less than favourable outcome. However, given our heterogeneous sample represents a clinical reality, our results may be more likely to generalise to the real-world population of children with ASD who access a similar educationally-based service.
Appropriate measures for assessing change in early intervention posed a challenge in this research. Our key child assessment tools were the MSEL, PEP-3, SCQ and VABS. None of these measures have Australian normative data, although they have been widely used in previous research. In addition, the MSEL norms are for typical development and we found both floor (standard scores) and ceiling (ageequivalents) effects for this population which may have limited our ability to detect significant effects. The PEP-3 does have ASD norms, but these norms are based on a US sample. There is clearly a need for Australian normative data including ASD norms.
Finally, like other educationally based treatment programs for children with ASD [e.g., 26 , 46], we have not identified the active ingredients or critical elements of the program. At this point it is unclear whether instructional intensity (hours), curriculum, parent training, and /or other aspects of the program actually contribute individually or collectively to child outcomes. Delineating the critical elements of the AEIOU treatment program is clearly an important area for follow-up research.
CONCLUSION
Despite acknowledged limitations, this preliminary evaluation and report does address important questions related to the AEIOU program for children with ASD. First, we have provided information about the various components of this intervention. Second, we have provided new information about the effectiveness of the AEIOU program. Third, preliminary results suggest promising child outcomes, particularly in terms of symptom reduction and increases in educational skills. The present research thus expands the research base into the effectiveness of centre-based educational intervention for children with ASD in Australia and elsewhere.
